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In this work we analyze the role of α′-corrections to type IIB orientifold compactifications in
Ka¨hler moduli stabilization and inflation. In particular, we propose a model independent scenario
to achieve non-supersymmetric Minkowski and de Sitter vacua for geometric backgrounds with
positive Euler-characteristic and generic number of Ka¨hler moduli. The vacua are obtained by a
tuning of the flux superpotential. Moreover, in the one-modulus case we argue for a mechanisms to
achieve model independent slow-roll.
I. INTRODUCTION
It is of great interest to find de Sitter vacua of su-
pergravities and string theory from a phenomenological
perspective as a small positive cosmological constant is
observed experimentally, as well as from a fundamental
theoretical point of view.
No-go theorems such as [1] suggest that those cannot be
obtained from the lowest order in gs and α
′ of the ten
and eleven-dimensional supergravity action, i.e. in string
or M-theory. Where gs is the string coupling constant
and 2piα′ = l2s with ls being the string length. The
recent swampland conjecture [2] may be evaded along
those lines. It is thus of great interest to advance be-
yond the classical results [3]. In this work we analyze
the role of the leading order α′-corrections to the four-
dimensional, N = 1 effective actions of type IIB orien-
tifold compactifications [4–10] in Ka¨hler moduli stabi-
lization [8, 9, 11]. We argue that due to the presence
of the α′-corrections Minkowski and de Sitter vacua may
be obtained for Calabi-Yau orientifolds of positive Euler-
characteristic. The proposed scenario assumes that the
complex structure moduli are stabilized beforehand by
the flux superpotential [12–14] and additionally requires
the vacuum value of the flux superpotential to be tuned
to a specific value in relation to other topological quan-
tities of the Calabi-Yau orientifold [15]. Whilst main-
taining moderately large values a fine tuning of the flux
superpotential engineers a small cosmological constant.
Let us stress that the vacua are obtained model inde-
pendently. However, we do not study explicit geometries
in this work, but derive additional constraints on cer-
tain topological quantities of the geometric background.
Let us emphasize that the vacua generically are at large
volume where higher-order α′ and gs-corrections are un-
der control and moreover non-perturbative effects to the
superpotential are suppressed.
Secondly, we propose a mechanism in which the α′-
scalar potential exhibits slow-roll inflation, where the
Ka¨hler modulus plays the role of the inflaton [16, 17]. We
discuss the one-modulus case explicitly and derive model
independent results. To stabilize the overall volume in
a Minkowski or de Sitter Minimum at the end of infla-
tion we require the flux superpotential to be perturbed
from its vacuum expectation value during inflation. Infla-
tion ends as the flux superpotential acquires its vacuum
expectation value and the Ka¨hler modulus is stabilized
in the resulting minimum discussed in the first part of
this work. For simplicity we do not discuss a dynamical
model of this process. Two possible alternatives occur to
us. Firstly, the fluxes may tunnel from one vacuum con-
figuration to another one close by. Secondly, the fluxes
are fixed and the complex structure moduli are perturbed
slightly from their minimum. We conclude that one may
neglect those dynamical effects if the complex structure
modulus perturbed is stabilized at a large complex struc-
ture point. Thus the single field approximation is valid
and one may infer the observable quantities such as the
spectral index ns and the tensor to scalar ratio r. For
simplicity we work under the assumption that the flux
superpotential perturbation is constant during inflation
and then acquires its vacuum value rapidly. We focus
on the regime n ≈ 0.965 [18, 19]. For sixty e-foldings
we find the tensor-to-scalar ratio to be r ≤ 5.65 · 10−4.
Relaxing this constraint to fifty e-foldings one acquires
r ≤ 1.19 · 10−3.
Let us shortly outline the structure of this note. In sec-
tion II we review the relevant leading order α′-corrections
to four-dimensional N = 1 super gravity obtained from
type IIB orientifolds. We also provide a critical assess-
ment on their status. In section III we argue for the
Minkowski and de Sitter vacua in the one-modulus case,
followed by section IV in which we show that Minkowski
and de Sitter vacua can be obtained for geometric back-
grounds with an arbitrary number of Ka¨hler moduli.
Lastly, in section V we propose an inflationary scenario
in the one-modulus case.
II. α′–CORRECTED SCALAR POTENTIAL
Let us set the stage by reviewing the recent
progress made in determining α′-corrections to the four-
dimensional N = 1 scalar potential of IIB effective ac-
tions of string theory. At the time being three differ-
ent sources are worth noting. The well known Euler-
characteristic α′3-correction to the Ka¨hler potential
ξ = −ζ(3)
4
g
− 32
s χ(Y3) , (1)
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2with χ(Y3) Euler-characteristic of the Calabi-Yau back-
ground Y3. Note that it is of order O(α′3) and it depends
on the Type IIB string coupling, gs = 〈eφd〉 where φd is
the dilaton. It is obtained from the parent N = 2 theory
arising from compactification of type IIB on Calabi–Yau
orientifolds [4, 5]. Secondly, evidence has been provided
for the existence of a α′2-correction to the Ka¨hler co-
ordinates utilizing F-theory based on a series of papers
[6–8, 20–22]. This formulation of Type IIB string theory
with space-time filling seven-branes at varying string cou-
pling [23] captures the string coupling dependence in the
geometry of an elliptically fibered Calabi–Yau fourfold
with base B3. Effective actions of F-theory compactifica-
tions have been studied using the duality with M-theory
[14, 24]. Note that the type IIB Calabi-Yau threefold is a
double cover of the base B3 branched along the O7-plane.
Thus in particular one infers that χ(Y3) = χ(B3). The
conjectured α′2-correction to the Ka¨hler coordinates [8]
is found to be
Ti = Ki + γ Zilog(V) , with Zi =
∫
Di
C , (2)
with Ti the Ka¨hler coordinates, i.e. the complex structure
on Ka¨hler moduli space, and where i = 1, . . . , h1,1(B3)
and γ = − 164 . Note that other α′2-corrections to the
Ka¨hler potential and coordinates do not lead to a break-
ing of the no-scale condition [8, 25]. Thus (2) is sufficient
for the context of this work. Moreover, we denote the
Ka¨hler moduli fields as vi and C is the curve correspond-
ing to the self-intersection of stacks of D7-branes and
O7-planes [7]. Furthermore, Di ⊂ B3 denotes divisors in
the internal space. Note that the orientifold involution
in IIB Calabi–Yau threefolds with additional O7 and O3-
planes acting on Y3 projects the Ka¨hler moduli space to
H1,1+ (Y3), i.e. the (1, 1)-forms that are even under the iso-
metric involution [24], i.e. h1,1(B3) = h
1,1
+ (Y3). Let us
speculate on the type IIB origin of a logarithmic correc-
tion in the volume such as (2). When four-dimensional
minimal supergravity is integrated out at one-loop on the
circle the three-dimensional Ka¨hler coordinates receive
an analogues logarithmic correction in the radius [26].
One might expect that (2) arises by integrating out cer-
tain massive Kaluza-Klein states in a supergravity theory
on Calabi–Yau orientifolds.
We summarize the other relevant topological quanti-
ties such as intersection numbers Kijk, Kij , Ki and the
volume V in appendix A. Note that we have defined V
to be dimensionless in units of (2pi α′)3, i.e. we measure
units of length in units of
√
2piα′. The contribution to
the F-term scalar potential of a four-dimensional N = 1
super gravity theory is
VF = e
K
(
KijD
iWDjW − 3∣∣W ∣∣2) , (3)
with the superpotentialW , the Ka¨hler potentialK(ReTi)
and Kij = (∂ReTi∂ReTjK)
−1. Moreover, with the Ka¨hler
covariant derivative given by
DiW =
∂K
∂ReTi
W +
∂W
∂ReTi
, (4)
The Ka¨hler potential then results in
K = −2 log
(
V + ξˆ
)
+ log
(gs
2
)
. (5)
In this work we consider the h2,1 complex-structure mod-
uli as well as the dilaton to be stabilized by the flux
superpotential [12] which in the vacuum then takes the
constant value |W0| > 0. Thus supersymmetry is broken
in the vacuum. A critical assessment of this two step
procedure is provided in e.g. [27].
Lastly, one encounters contributions to the four-
dimensional scalar potential by considering four-
derivative, N = 1 supergravity [9] resulting in
δVF = −e2KTijklDiW DjW DkW DlW . (6)
with the contribution to the IIB effective four-
dimensional action to be
δVF =
3 |W0|4 gs
4V4 γˆ2 Γi v
i ,
Γi =
∫
Di
c2 , γˆ2 =
11
576 ·4pi g
− 12
s , (7)
where c2 is the second Chern-form of the Calabi–Yau
orientifold which may be written as the square of a co-
variant object, thus Γi > 0. The precise form of (7) was
inferred by dimensional reduction of ten-dimensional IIB
R4 -terms [28] on Calabi–Yau orientifolds in [10].
The scalar potential arising from the α′-corrections (1),
(2), (5) and (7) in the large volume limit then takes the
form
VF =
3|W0|2gs
4V3
(
3 ξˆ + γZi vi + γˆ2 |W0|
2
V Γiv
i
)
, (8)
where we have defined ξˆ = ξ / 3. We refer to the
large volume limit to the regime at large volumes V and
weak string coupling such that higher-order α′ and gs-
corrections as well as non-perturbative instanton effects
can be neglected. Let us emphasize that the correction
(2) is intrinsically N = 1 in contrast to (1) and (7).
Let us comment on the stability of the following sce-
narios in section III and IV in the light of [29]. The clas-
sical correction to the scalar potential vanishes due to
the no-scale condition and thus the leading order gs and
α′-correction determine the vacuum. Higher-order α′-
corrections are parametrically under control as one sta-
bilizes the internal space at large volumes. Moreover the
string coupling constant gs may be achieved to be para-
metrically small thus higher-order string loop corrections
can generically be neglected. However, as the pertur-
bative corrections depend on the topological quantities
of the geometric background higher-order gs-corrections
3may become relevant in certain vacua. Non-perturbative
effects to the superpotential due to gaugino condensa-
tion or Euclidean D3-brane instanton effects play a sub-
leading role as those are exponentially suppressed at large
volumes. Let us close this section with critical remarks
on the status of the α′-corrections. A derivation of the
well established α′3-correction (1) in a full-fledged N = 1
set-up such as F-theory is absent [30]. Furthermore, the
α′2-correction (2) has been conjectured recently in [8],
in particular the factor γ might be subject to change
and thus its ultimate faith is yet to be determined in fu-
ture work. Concerning, the correction (7) two caveats
are to be named. Firstly, the four-derivative N = 1 on-
shell supergravity action remains elusive [9]. Moreover
as pointed out in [10] relevant eight-derivative terms in
ten-dimensions are not established to fix γˆ2 precisely. It
would be of great interest in particular in the light of this
work to investigate those topics.
III. ONE KA¨HLER MODULUS VACUA
In this section we study the one-modulus case to lay the
foundation for the generic scenario discussed in section
IV. We show that the overall volume may be stabilized in
a non-supersymmetric de Sitter and Minkowski minima
by the scalar potential (8) for manifolds with χ(Y3) > 0.
Note that as χ(Y3) = 2h
1,1 − 2h2,1 the geometric back-
ground needs to obey h1,1 > h2,1 i.e.h1,1 > 1. However,
note that the orientifold involution projects the Ka¨hler
moduli space to H1,1+ (Y3). Thus we consider backgrounds
with h1,1+ = 1 in this section. In the one-modulus case
the scalar potential (8) derives to
VF =
3|W0|2 gs
4V3
(
3ξˆ + γZ V 13 + γˆ2 |W0|2 ΓV−
2
3
)
. (9)
We argue for model independent Minkowski and de Sit-
ter vacua which may me achieved by tuning the fluxes.
The superpotential in the vacuum |W0| is to be fixed at
specific values in relation to the topological Z, χ and
Γ. Furthermore, one requires Z < 0. The vacuum is
obtained for
〈V〉|Ω=0 = 8 |ξˆ|
3
|γ Z|3 , 〈V〉|Ω=1 =
11.3906 |ξˆ|3
|γ Z|3 , (10)
|W0|2 = |ξˆ|
3
γ2Z2 Γ γˆ2
(
4 + 25176 Ω
2
)
, 0 ≤ Ω2 ≤ 1 . (11)
where Ω can be chosen freely. In the case of Ω = 0 one
finds a Minkowski minimum in (10), else-wise de Sitter
minima. The local maximum of the potential is located
at
Vmax|Ω=0 = 15.3024 |ξˆ|
3
|γ Z|3 . (12)
In figure 1 we illustrate the scalar potential exhibiting
the discussed features. Note that as 〈V〉 ∼ g−9/2s large
FIG. 1: Minkowski and de Sitter vacua. The scalar potential
(9) for the choice of the string coupling gs = 0.2 and the
topological number χ = Γ = 1 and Z = −1. From below
with Ω = 0, 0.5, 0.75, 1, 1.2.. The horizontal axis displays
the volume V / (2piα′)3 versus the scalar potential VF on the
vertical axis.
volumes can be achieved easily at weak string coupling.
Furthermore, the numerical value of γ in (2) favours large
volumes for moderate values of the topological quantities.
Let us stress that the minimum is obtained by tuning
the fluxes such that (11) is satisfied. The value of the
potential in the minimum is
〈VF 〉 = f(Ω) · |γ Z|
7
γˆ2 Γ |ξˆ|5
∼ g9s , (13)
where on can solve for f(Ω) analytically. The explicit
expressions for f(Ω) is long and non-illustrative thus we
just note that f(0) = 0 and f(1) = 0.000573274. For
weak string coupling small values of the potential in the
minimum are natural as one concludes from (13). Let
us next compare the gravitino mass with the string and
Kaluza-Klein scale [31] for which one finds that
mS ∼ 〈V〉−
1
2 , mKK ∼ 〈V〉−
2
3 , m3/2 ∼ |W0|〈V〉 .
(14)
One infers from (14) for the present scenario the relations
m3/2
mS
=
√
γ Z
2γˆ2 Γ
∼ g
1
4
s ,
mKK
mS
∼ g
3
4
s , (15)
which follows from the scaling |W0| ∼ g−2s as one in-
fers from (11). To achieve a gravitino mass smaller
than the Kaluza Klein-scale we note that m3/2 /mKK =
(|ξˆ| / γˆ2Γ)1/2 < 1, thus the topological quantities need to
be accordingly as it scales with ∼ g−1/2s .
Let us close this section with a short remark on the
stability of the found vacua. The Minkowski vacuum
constitutes a global minimum and is thus stable whilst
the de-Sitter vacua are meta-stable. One can estimate
the life time of the de Sitter vacua i.e. the inverse prob-
ability for decay in the runaway direction V → ∞, for
4small Ω to be
τ ∼ 1Ω2 · Exp
(
γ2Z2
2|ξˆ|√γˆ2Γ Ω3/11
)
∼ 1Ω2 · e g
7/4
s /Ω
3/11
.
(16)
From (16) one infers that large life times require a fine
tuning of Ω  1 and thus of the superpotential i.e. the
fluxes in (11). Let us emphasize that the proposed moduli
stabilization scenario does not require non-perturbative
effects but is achieved solely by the leading order α′-
effects.
IV. GENERIC KA¨HLER MODULI SCENARIO
In this section we propose scenarios in which all Ka¨hler
moduli might be stabilized in a non-supersymmetric de
Sitter and Minkowski minima for manifolds with χ(Y3) >
0. We argue for a model independent extremum and pro-
vide sufficient conditions on the topological quantities
of the geometric background for the existence of a local
minimum. Furthermore, the presented scenarios require
a fine tuning of fluxes such that the value of the super-
potential in the vacuum |W0| exhibits a certain relation
w.r.t. the topological quantities Zi and χ. The stabiliza-
tion is achieved by an interplay of the Zi-correction, with
the α′3 Euler-characteristic correction (1) to the Ka¨hler
potential [4, 5] and the correction to the scalar potential
from the four derivative-terms [9], resulting in the scalar
potential (8).
We first discuss the case of Minkowski vacua and then
extend the discussion to obtain de Sitter vacua. Let us
emphasize that the we do not require non-perturbative
effects which are generically exponentially suppressed by
the volume of the cycles.
a. Minkowski vacua. We henceforth consider the
scalar potential (8). One may choose Ka¨hler cone vari-
ables vi > 0 such that the Ka¨hler form is
J = viωi . (17)
One obtains Minkowski vacua for χ(Y3) > 0 i.e. ξ < 0
where all four-cycle volumes Ki are stabilized at
〈Ki〉 = |W0|
2 γˆ2
|ξˆ|
(
γ Λ2Zi + Γi
)
, (18)
Λ2 =
1
|ξˆ|Γi〈v
i〉 , Zi〈vi〉 = 2|ξˆ|
γ
. (19)
As Γi > 0 a sufficient condition for positivity of the four-
cycle volumes is that Zi < 0 for all i = 1, . . . , h1,1+ (Y3).
Note that (18) and (19) constitute an implicit defini-
tion for 〈vi〉 which generically does not admit a solu-
tion. However, we assert that by tuning |W0| one may
always find a solution. To argue in favor of this claim
note that (18) only depends on (19) via a scaling. By
using 〈vi0〉 = 1|W0| 〈vi〉 one infers that
Kijk〈vj0〉〈vk0 〉 =
γˆ2
|ξˆ|
(
2
Γj〈vj0〉
Zk〈vk0 〉
Zi + Γi
)
, (20)
where one imposes conditions on the fluxes such that
|W0| = 2|ξˆ||γ| ·
1
|Zi|〈vi0〉
. (21)
Note that (20) is dimensionless as on the r.h.s. the powers
of α′ cancel. In other words the additional conditions (19)
can be satisfied by tuning |W0| according to (21) if (20)
exhibits a solution for 〈vi0〉. One infers the volume in the
extremum to be
〈V〉 = |W0|
2 γˆ2
|ξˆ| · Γi〈v
i〉 ∼ g−
9
2
s , (22)
where we have used that |W0| ∼ g−2s . For moderate val-
ues of the topological quantities (22) is thus generically
large. Moreover, we find that the value of the potential
vanishes 〈V F 〉 = 0. Note that as we find a Minkowski
minimum we do not need tor require |W0| to be small
which bypasses certain criticism [32]. One may easily
verify that (18) and (19) constitutes an extremum of the
scalar potential (8). By analyzing the matrix of second
derivatives in the extremum one infers〈 ∂2 VF
∂vi∂vj
〉
=
3|W0|2|ξˆ|gs
2 〈V〉4
(
〈Ki〉〈Kj〉 − 〈V〉〈Kij〉+ Tij
)
,
(23)
with Tij = γˆ
2
2
ξˆ2
(
γ2Λ4ZiZj − ΓiΓj
)
. (24)
The objective is to argue that (23) is positive definite.
Note that the positive definite metric on the Ka¨hler mod-
uli space is proportional to 〈Ki〉〈Kj〉−〈V〉〈Kij〉, thus one
remains to show the criterium for Tij . For any vector
within the Ka¨hler cone vi we find the sufficient condition
that
Tijvivj > 0 if |Zi| > 1|γ|Λ2 Γi , (25)
for all i = 1, . . . , h1,1+ (Y3). Thus in geometric back-
grounds in which (25) is satisfied one encounters a local
Minkowski minimum for all Ka¨hler moduli. One finds
Λ2 =
2
|γ|
Γi〈vi0〉
|Zi|〈vi0〉
, (26)
and thus the geometric condition (25) becomes
|Zi| > 1
2
|Zi|〈vi0〉
Γi〈vi0〉
Γi . (27)
A strong sufficient requirement for (27) to be satis-
fied is that αmax < 2 · αmin where we have used that
Γi = α(i)|Zi|, for a positive vector with components
α(i) ∈ Q+. Thus we conclude that the requirements on
5the geometric background are that χ(Y3) > 0, Zi < 0 for
all 4-cycles, and that the inequality (40) is valid. More-
over, one requires the existence of fluxes which can be
fine-tuned as (21). Thus one infers by using (14) and
(22) that
m3/2
mS
∼
√
|γ|
2γˆ2
· |Zi|〈v
i〉
Γi〈vi〉 ∼ g
1
4
s ,
mKK
mS
∼ g
3
4
s . (28)
The gravitino mass is to be smaller than the KK-scale as
the effective supergravity theory is derived in a classical
reduction. One infers that
m3/2 < mKK if Γi〈vi0〉 >
|ξˆ|
γˆ2
. (29)
Let us conclude that this mechanism may lead to a
stabilization of all four-cycles such that the overall
volume is stabilized at sufficiently large value thus
higher-order α′-corrections are under control i.e. the
vacuum may not be shifted.
b. de Sitter vacua. We henceforth consider a mod-
ification of the previous Minkowski vacuum solution such
that it constitutes a de Sitter minimum of the scalar po-
tential (8). We choose Ka¨hler cone variables vi > 0 such
that the Ka¨hler form (17) is positive. We next argue
that one obtains de Sitter vacua for χ(Y3) > 0. i.e. ξ < 0
where all four-cycle volumes Ki are stabilized at
〈Ki〉 = |W0|
2 γˆ2
|ξˆ|(1 + Ω2/8)
(
γ Λ2
1− Ω2 Zi + Γi
)
, (30)
Λ2 =
1
|ξˆ|Γi〈v
i〉 , Zi〈vi〉 = |ξˆ|
γ
(
2 + 118 Ω
2
)
. (31)
where we have introduced the positive parameter
0 < Ω2 < 211 . (32)
As Γi > 0, a sufficient condition for the positivity
of the four-cycle volumes is that Zi < 0 for all i =
1, . . . , h1,1+ (Y3). Note that (30) and (31) analogue to (18)
constitute an implicit definition for 〈vi〉. We next assert
that by tuning |W0| one may always find a solution. Note
that (30) only depends on (31) via a scaling. By using
〈vi0〉 = 1|W0| 〈vi〉 one infers that
Kijk〈vj0〉〈vk0 〉 =
γˆ2
|ξˆ|(1 + Ω2/8)
(
2γ3
Γj〈vj0〉
Zk〈vk0 〉
Zi + Γi
)
,
(33)
with γ3 = (1 +
11
16Ω
2)/(1− Ω2) where one imposes
|W0| =
2(1 + 1116Ω
2)|ξˆ|
|γ| |Zi|〈vi0〉
. (34)
In particular, one infers that (31) can be satisfied by tun-
ing the flux-superpotential according to (34) if (33) ex-
hibits a solution for 〈vα0 〉. Let us next discuss relevant
quantities in the de Sitter extremum. We infer
〈VF 〉 = 9 Ω
2
8
· |ξˆ| |W0|
2
〈V〉3 ∼ g
9
s > 0 , (35)
with the volume in the vacuum
〈V〉 = |W0|
2 γ2
|ξ|(1− Ω2) · Γi〈vi〉 ∼ g− 92s , (36)
where we have used that |W0| ∼ g−2s and 〈vi0〉 ∼ g1/2s .
One infers from (35) that in the present scenario a small
cosmological constant i.e. vacuum value 〈VF 〉  1 is
achieved naturally due the weakly coupled string regime
gs < 1. We expect however that the vacuum stability
analysis of section III carries over to the generic mod-
uli case and thus a fine-tuning of the fluxes such that
Ω2 ≈ 0 is to be required. Let us mention that anti-de
Sitter vacua are obtained for Ω2 < 0. Furthermore, the
positive overall volume may generically be stabilized at
large values as seen from (36). We are next to show that
the extremum (30) and (31) at hand is a local minimum.
One computes the matrix of second derivatives in the
extremum to be〈 ∂2 VF
∂vi∂vj
〉
=
3|W0|2|ξˆ| gs
2〈V〉4
(
Gij + Tij
)
, (37)
Gij =
(
1− 358 Ω2
)〈Ki〉〈Kj〉 − (1 + 18Ω2)〈V〉〈Kij〉 ,
(38)
Tij = γˆ
2
2
ξˆ2(1+Ω2/8)
(
γ2Λ4
(1−Ω2)2 ZiZj − ΓiΓj
)
. (39)
The objective is to show that (23) is positive definite. It
was argued in [33] that 〈Kij〉 is of signature (1, h1,1(Y3)),
i.e. it exhibits one positive eigenvalue in the direction of
the vector 〈vi〉. As the pre-factor of 〈Kij〉 is negative and
moreover 〈Ki〉〈Kj〉 is positive semi-definite, we need to
show that (Gij + Tij) 〈vi〉 〈vj〉 > 0 which leads to Ω2 <
2 / 11. Thus one remains to show the criterion for Tij in
generic direction. For any vector within the Ka¨hler cone
vi we find the sufficient condition that
Tijvivj > 0 if |Zi| > 1− Ω
2
2 + 118 Ω
2
|Zi|〈vi0〉
Γi〈vi0〉
Γi , (40)
for all i = 1, . . . , h1,1+ (Y3). One infers that a strong suf-
ficient condition for (27) to be satisfied is that αmax <
(2 + 11 Ω2 / 8) /(1−Ω2) · αmin, where we have used that
Γi = α(i)|Zi|, for a positive vector with components
α(i) ∈ Q+. It remains to show that the matrix (37)
is positive definite on the entire space, i.e. for all vectors
〈vi〉 + vi⊥, where 〈Ki〉vi⊥ = 0 describes the orthogonal-
ity. Note that positivity of (39) is granted due to (40).
Thus the non-vanishing contribution which could alter
the bound on Ω2 however computes to a positive number
−(1+Ω2 /8))〈V〉〈Kij〉vi⊥vj⊥ > 0, as 〈Kij〉 admits negative
eigenvalues w.r.t. vj⊥ .
6Moreover, one concludes assuming (40) that (37) ad-
mits one negative eigenvalue, i.e. not stabilized direction
and h1,1+ (Y3)− 1 positive eigenvalues for
2
11 < Ω
2 < 835 , (41)
which will be of relevance in section V. Thus we conclude
that the requirements on the geometric background are
that χ(Y3) > 0, Zi < 0 for all 4-cycles, and that the
inequality (40) is valid, and moreover the existence of
fluxes which can be fine-tuned such that (34) is satisfied.
By using (14) one may compare the gravitino mass
with the string and Kaluza-Klein scale. One infers that
m3/2
mS
∼ g
1
4
s ,
m3/2
mKK
∼ g−
1
2
s ,
mKK
mS
∼ g3/4s . (42)
The gravitino mass achieved needs to be smaller than the
Kaluza Klein-scale. A concise analysis gives an analogous
relation to (29) to be
m3/2 < mKK if Γi〈vi0〉 >
|ξˆ|
γˆ2
· (1− Ω2) . (43)
Note that a small cosmological constant implies that
Ω2 ≈ 0 and thus (43) reduces to (29).
Let us conclude that all four-cycles are generically sta-
bilized such that the overall volume is at large values if
χ(Y3) > 0 and Zi < 0 for all i = 1, . . . , h1,1+ (Y3). Thus
higher-order α′-corrections are under control. Moreover,
small string coupling gs < 1 assures correct hierarchies of
scales (42) thus the vacuum is to be trusted. Additionally
the constraints on the topological invariants (40) and (43)
are to be suitable, i.e. this imposes additional restrictions
on allowed geometric backgrounds.
V. A TOY MODEL FOR INFLATION
In this section we propose a scenario for inflation based
on the one-modulus scalar potential discussed in section
III. We noted that a minimum of the potential is ob-
tained by tuning the flux in the vacuum such that (11) is
satisfied for a choice of 0 ≤ Ω ≤ 1. However the resulting
potential does not admit inflationary dynamics. Intrigu-
ingly, for values Ω > 1 the potential exhibits features
of slow-roll. To achieve a stable final vacuum state we
propose the following scenario. During inflation the flux
superpotential is perturbed from it vacuum state such
that Ω > 1. When inflation ends the flux-superpotential
acquires its vacuum expectation value such that the in-
flaton is stabilized in the Minkowski or de Sitter min-
imum, i.e. Ω = 0 and Ω ≈ 0, respectively. In other
words we will assume that after a sufficient number of
e-foldings, i.e. fifty to sixty the flux superpotential ob-
tains its vacuum expectation value which determinates
the inflation process. In, particular in the model at hand
the epsilon parameter stays small at high e-folds espe-
cially for r < 10−4, thus we need to assume the above
mechanism. Let us note that as we do not study the
fluxes dynamically we refer to the described mechanism
as scenario.
The one Ka¨hler modulus with canonical normalized
kinetic term is
V = Exp
(√
3
2 Φ
)
, Φ = 2√
3
Log(V) , (44)
where we have suppressed the α′-corrections to the ki-
netic coupling as those lead to sub-leading effects ∼ 1 /V.
The inflationary potential (9) is thus expressed as
VF =
3 gs |W0|2
2 Exp
(
11√
12
Φ
) (3ξˆe Φ√3 + γZ e√32 Φ + γˆ2 |W0|2 Γ) ,
|W0|2 = |ξˆ|
3
γ2Z2 Γ γˆ2
(
4 + 25176 (Ω
2 + δ)
)
, 0 < δ  1 .
(45)
where Ω2 = 1 during inflation. Note that the inflationary
potential is to good approximation displayed as the Ω = 1
curve in figure 1. Let us next comment on the slow-roll
parameters
 =
1
2
(
V ′F
VF
)2
, η =
V ′′F
VF
, (46)
with V ′F = ∂ΦVF , and V
′′
F = ∂Φ∂ΦVF the partial deriva-
tives w.r.t the inflaton. To discuss the slow roll parame-
ters it is convenient to choose coordinates which reflect
the minimum and maximum of the potential in the vac-
uum i.e. Ω ≈ 0 given by (10) and (12). In such a variable
φ = (|γZ|/|ξˆ|)3 · Exp(√3Φ/2) the slow roll parameters
(46) of the potential (45) become
 =
1
24
(
11 δˆ − 27φ2 / 3 + 8φ
δˆ − 3φ2 / 3 + φ
)2
, (47)
η =
16
3
+
19 δˆ − 17φ2 / 3
4 (δˆ − 3φ2 / 3 + φ) , (48)
where δˆ = 4 + 25176 (1 + δ). Note that for δ = 0 (47) van-
ishes at φ = 11.3906. We encounter for δ > 0 that the
point of horizon exit φ∗ is in this region. Furthermore,
note that (47) and (48) do not depend on the topologi-
cal quantities of the geometric background and are thus
model independent. The main cosmological observables
of interest are the spectral index and the tensor-to-scalar
ratio evaluated at horizon exit denoted by the asterisk
which are given by
ns = 1 + 2 η∗ − 6 ∗ and r = 16 ∗ , (49)
respectively, i.e. ∗ = (φ∗). The number of e-foldings in
between φ∗ and the end of inflation is
Ne =
∫ φend
φ∗
dφ√
2 (φ)
, (50)
7as we find φend > φ∗. The end of inflation is marked when
the -parameter fails to be much smaller than one [34]. As
we do not discuss a dynamic model for the fluxes acquir-
ing their vacuum value, we simply assert that δ → 0 and
Ω2 → 0 for Minkowski or for de Sitter some small value
Ω2  1. We assume this process to be instantaneous to
determinate inflation such that Ne = 60 is obtained, see
figure 2. Note that the field displacement is sufficiently
FIG. 2: Spectral index ns versus tensor-to-scalar ratio r for
Ne = 60 where we vary the potential parameter in between
0 < δ ≤ 6.5 · 10−3 to access the entire range shown in the
plot. The color theme shows the distance in field space
i.e. ∆φ = φend − φ∗. In the colored region inflation can be
accessed. Requiring less e-foldings e.g. Ne = 50 one obtains
an analogous result but for increased tensor-to-scalar ratio,
bound from above at around r ≤ 1.19 · 10−3 at ns ≈ 0.965,
for 0 < δ ≤ 9.5 · 10−3.
small such that φend is well below the maximum of the
barrier which forms at φ ≈ 15.3 as seen from (12). This
constitutes a necessary requirement for stabilization of
the modulus in the minimum. Furthermore, the density
perturbation amplitude at the horizon exit is to matched
with the observed value to give
ACOBE(φ∗) = V
3
F
(V ′F )2
∣∣∣∣
φ∗
= 2.7 · 10−3 , (51)
which evaluated for the potential (8) results in
54 gs γZ |W0|2 V
− 11
3
√
3∗
(
V
1√
3∗ − 3 |ξˆ|γZ V
2
3
√
3∗ + Vδˆ
)3
2.7 · 10−3
(
8V
1√
3∗ − 27 |ξˆ|γZ V
2
3
√
3∗ + 11Vδˆ
)2 = 1 ,
(52)
where V∗ is the volume at the horizon exit point and
Vδˆ = δˆ · |ξˆ|3 / γ3Z3. Note that (52) may be satisfied by
stabilizing the dilaton in the vacuum accordingly i.e. by
the string coupling constant. For the exemplary values
Z = −3 and χ = Γ = 1 one infers from (52) that gs ≈
0.27.
Let us next estimate the possible error resulting from
the assumption that the complex structure moduli are
perturbed from their minimum of the flux induced po-
tential during inflation. In a large complex structure
point generic statements independent of the number of
complex structure moduli and the geometry is possible
[35, 36]. The superpotential to good approximation is
given by
W ∼ K(Y˜3)αβγ zαzβzγ ,
K =− log( 16 K(Y˜3)αβγ Rezα Rezβ Rezγ) , (53)
where Y˜3 is the mirror dual Calabi-Yau threefold to Y3
and thus α = 1, . . . , h2,1(Y3). The masses of the complex
structure moduli in a non super symmetric vacuum were
shown to be O(m3/2) [36]. Thus we assert that the com-
plex structure modulus perturbed from its minimum is
to admit a mass of the same order as the gravitino mass.
With the Hubble scale H =
√
VF /3 during inflation and
(14) one computes
H
m3/2
≈ 0.039 g
1
2
s
|γZ| 32
|ξˆ| ∼ g
2
s . (54)
One infers from (54) that for weak string coupling
and moderate values Z/χ of the geometric background
H /m3/2  1. Furthermore, one estimates from (53) for
the displacement of φz the complex structure field with
canonical kinetic term that δφz / 〈φz〉  1. We conclude
that the perturbation of the massive complex structure
field from the minimum is small, i.e. the single field in-
flation approximation is applicable.
Note that in the generic moduli case one encounters an
analogous scenario. In the regime (41) a single effective
direction in moduli space is not stabilized which plays
the role of the inflaton. We again assume that the com-
plex structure moduli are perturbed from their vacuum
expatiation value in (34) during inflation such that the
lower bound (41) is appropriately obtained. When in-
flation ends the fluxes acquire their vacuum expectation
value and all the Ka¨hler moduli are thus stabilized in the
resulting minimum Ω2 = 0 for Minkowski and Ω2 ≈ 0
for de Sitter, as discussed in section IV. A more concise
analysis of the generic moduli case is desirable.
Let us conclude with some remarks. Firstly, at the end
of inflation the modulus is to be stabilized in the poten-
tial. The success of this endeavor depends on details of
the inflation process. In particular, on the value of φend
and the finite transmission amplitude towards the run-
away direction V → ∞, which is expected to be maximal
right after inflation ends. Such an analysis might reduce
the obtained region of the tensor-to-scalar ratio. Sec-
ondly, all the scenarios in this work are crucially bound
to the existence of the α′-corrections. However, their ul-
timate faith is still under investigation. Let us end on a
positive note. It would be of great interest to realize the
present scenarios in explicit models, i.e. geometric back-
grounds with suitable topological quantities.
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Appendix A: Details
The intersection numbers of Y3 are given by
Kijk =
∫
B3
ωi ∧ ωj ∧ ωk , Kij = Kijkvk ,
Ki = 1
2
Kijkvivj , V = 1
3!
Kijkvivjvk . (A1)
where {ωi} are the h1,1+ (Y3) harmonic (1, 1)-forms.
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